One approach to the study of disordered spatial attention is to carry out tests of extinction, in which stimuli are detected on the left when they are presented on the left alone, but not when both sides are stimulated simultaneously in a dual simultaneous stimulation (DSS) protocol. Extinction has been documented for multiple sensory modalities, but not for thermal pain stimuli, to our knowledge. We now test the hypothesis that subjects with visual spatial neglect (hemi-neglect) will have alterations in thermal pain sensation which are related to abnormal spatial attention. The results demonstrate that thermal pain extinction of hot and cold pain stimuli occurs in a proportion of subjects with hemi-neglect. In the subjects with visual spatial hemi-neglect but without thermal pain extinction, the sensation of the thermal pain stimulus on the affected (left) side was not extinguished but was often localized to the unaffected (right) side, and the submodality of the stimulus (cold or hot) was often misidentified. Ratios indicating the magnitude of extinction, mislocalization and misidentification were significantly larger on the left side of subjects with visual spatial neglect than in healthy controls or in controls with stroke but without hemineglect. The proportion of subjects with thermal pain extinction, mislocalization, or misidentification was significantly higher in subjects with hemi-neglect than those in either control group. These results demonstrate that disordered attention exerts a powerful effect upon the perception of both the location and the quality of thermal pain stimuli.
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Introduction
Attention can exert a powerful effect on the perception of thermal pain sensations, so that distraction can have an analgesic effect on acute pain equal to that of opiates [55] . The basis of analgesia by distraction may be related to attentional modulation of laser evoked potentials (LEP) which can be decreased in amplitude when the subject is distracted [4, 30, 36, 40, 42, 57, 60, [68] [69] [70] [71] . Subdural recordings have demonstrated that LEPs and increased activation (Event Related Desynchronization) recorded directly from primary somatic sensory cortex, parasylvian cortex, and medial frontal cortex can be powerfully modulated by attention [46, 47] .
Spatial attention can modulate thermal pain modalities, as demonstrated by studies in which a stimulus is presented following a cue which may indicate either the correct or the incorrect side of the stimulus. The incorrect cue leads to increased error rates and response latencies for thermal pain stimuli [7, 14] . A lateralized visual discrimination task was performed more rapidly when it was preceded by a painful stimulus on the same side versus the opposite side from the visual stimulus. Similarly, eye orientation to the side of the painful stimulus leads to higher pain ratings in one study [45] and lower to pain ratings on the right among anxious subjects [28] . These results suggest that misdirected spatial attention may modulate thermal pain stimuli.
Forebrain lesions may produce abnormal spatial attention such as hemi-neglect which is failure of a subject 'to report, respond, or orient to meaningful stimuli contralateral to the (cortical) brain lesion' [24, 61] . Visual spatial hemi-neglect is most commonly observed after lesions of the right parietal cortex, but can also occur after lesions of the prefrontal cortex, the superior temporal gyrus, the frontal operculum, or the thalamus [6, 26, 29, 64, 65] .
Extinction was considered to be a subtle form of neglect [9,24,25] which was measured by a dual simultaneous stimulation (DSS) protocol [62] . Extinction is the failure to attend to stimuli on the affected (left) side of the body when an identical simultaneous stimulus occurs on the opposite (right) side, but not when the stimulus is presented on the affected side alone (DSS protocol) [5, 26] . DSS protocols have been documented for multiple sensory modalities [26, 27, 62, 63] , but not for
